An evaluation of broth dilution antifungal susceptibility tests was performed by determining both the microand macrodilution MICs of amphotericin B, fluconazole, ketoconazole, 5-fluorocytosine, miconazole, and itraconazole against representative species of opportunistic hyphomycetes (Fusarium spp. and Cladosporium [Cladophialophora] spp.) and ascomycetes (Chaetomium spp.). A total of 78 strains were tested, the majority of them twice and some three times on different days. Both methods were performed according to the recommendations of the National Committee for Clinical Laboratory Standards (Document M27-P), with the exception of the temperature of incubation, which was 25؇C in our case. A spectrophotometric method for inoculum preparation, RPMI 1640 medium buffered with morpholinepropanesulfonic acid (pH 7.0), and an additive drug dilution procedure were used. The MICs obtained by the two methods were read after 48, 72, and 96 h of incubation for Fusarium spp. and after 72, 96, and 120 h for the remaining isolates. The kappa test was used to calculate the degree of agreement. Considering the three fungal groups together, a good agreement between the results of both tests was observed with almost all the drugs at the different incubation times. There were no cases of poor agreement. The highest level (kappa index ‫؍‬ 1) was observed with ketoconazole at the second-day reading. These results support the further evaluation of the broth microdilution test as an alternative to the reference broth macrodilution susceptibility test.
The incidence of fungal infections in the immunocompromised population has increased greatly over the past two decades (17) . The most important risk factors for infection include prolonged neutropenia, chronic administration of corticosteroids, the insertion of prosthetic devices, and tissue lesions due to prior infection or trauma. Therefore, the use of antifungal agents has increased dramatically and new ones have also been developed, such as the triazoles and various amphotericin B lipid formulations (2) . With this proliferation of antifungal agents, therapeutical options have also increased and the clinician must now choose among them. The in vitro antifungal susceptibility of the different pathogenic fungi can be a valuable guide for the clinician. However, reliable antifungal susceptibility testing is still poorly developed, especially for filamentous fungi. Broth dilution methods and agar-based methods are the most common techniques for antifungal susceptibility testing, with the latter being probably the most simple, economical, and easiest to perform simultaneously on large numbers of organisms. However, some azoles may diffuse poorly in an agar diffusion system, and there are important difficulties for the standardization of these techniques (15) . Greater efforts have been devoted to the standardization of broth dilution methods, and many of the factors that influence these techniques have been characterized. On the basis of this research, a standard method that minimizes the adverse effects of these factors has been proposed in connection with the testing of yeasts (12) . Several comparison studies of broth macro-and microdilution antifungal tests have been reported (1, 8, 9, 16) , and in general they have shown that discrepancies between the two tests were not significant. However, the majority of these studies were concerned only with yeasts, with one recent exception (6) , and the most relevant aspects of the susceptibility tests for filamentous fungi remain to be evalu-ated. The purpose of this study was to compare the results obtained by using both methods for the susceptibility testing of certain filamentous fungi with identically prepared drugs, inocula, and culture media and the same reading criterion. Both tests were done simultaneously. We selected representative strains of the most common groups of opportunistic fungi pathogenic to humans (3), with the exception of zygomycetes and Aspergillus spp. In our study, we tested species belonging to the ascomycetes (Chaetomium spp.) and deuteromycetes; the latter group comprised agents causing hyalohyphomycosis (Fusarium spp.) and phaeohyphomycosis (Cladosporium [Cladophialophora] spp.). We investigated the six most used antifungal agents, which are amphotericin B, itraconazole, 5-fluorocytosine, miconazole, fluconazole, and ketoconazole. In keeping with previous results showing the antifungal drug resistance of Fusarium spp., these isolates were only tested against miconazole and amphotericin B (unpublished data). . Paecilomyces variotti ATCC 36257 was included as the quality control (QC) and was tested by both methods in each series of assays. All the strains of Chaetomium and Cladosporium spp. were tested three times, and the 49 strains of Fusarium spp. were tested twice, on different days.
MATERIALS AND METHODS
Medium. Antifungal susceptibility testing was performed in RPMI 1640 medium (GIBCO BRL, Life Technologies, Izasa, Spain) with L-glutamine and without sodium bicarbonate, and buffered at pH 7.0 with 0.165 M morpholinepropanesulfonic acid (MOPS).
Antifungal agents. The following six antifungal agents were used: amphotericin B (E. R. Squibb & Sons, Barcelona, Spain), 5-fluorocytosine (Hoffmann-La Roche, Basel, Switzerland), fluconazole (Pfizer, Madrid, Spain) ketoconazole, miconazole, and itraconazole (Janssen Pharmaceutica, Beerse, Belgium). Fungizone, Diflucan, and Daktarin, the commercial preparations of amphotericin B, fluconazole, and miconazole, respectively, were used, and stock solutions, each at 1,000 g/ml, were prepared with sterile distilled water. Ketoconazole, 5-fluorocytosine, and itraconazole were supplied by the manufacturers as standard powders. Stock solutions of 5-fluorocytosine, at 5,000 g/ml, were prepared with sterile distilled water. Ketoconazole was dissolved in 0.2 N HCl to a concentration of 50,000 g/ml, and further dilutions with sterile distilled water were prepared to obtain a stock solution of 5,000 g/ml. A stock solution of itraconazole, at 5,000 g/ml, was prepared in polyethylene glycol 400 by heating it at 75ЊC for 45 min. Amphotericin B and miconazole were tested against Fusarium spp. Isolates of Chaetomium spp. and Cladosporium spp. were evaluated with all the drugs.
Broth macrodilution method. Macrodilution broth assays were performed as previously described (11) . Drug dilutions were prepared at 10 times the strength of the final drug concentration by additive drug dilution schemes in order to reduce pipetting errors. Itraconazole dilutions were made in polyethylene glycol 400, and dilutions of the other antifungal agents were made in distilled water. The 10ϫ drug dilutions were dispensed in 0.1-ml volumes into round-bottomed, polystyrene, sterile tubes (12 by 75 mm; Soria Greiner) and were stored at Ϫ20ЊC until used. The isolates were maintained as a suspension in water at 4ЊC until testing was initiated. For each experiment, strains were subcultured onto potato dextrose agar slants at 25ЊC for 15 days. The inoculum was prepared by flooding the agar slants with the sporulated fungi with distilled water, scraping the surface with a teasing needle, and withdrawing the resulting suspension with a sterile Pasteur pipette. The suspension was vigorously vortexed for 15 s and adjusted with a spectrophotometer by adding sterile distilled water to 95% transmittance (95% T) at a wavelength of 530 nm. Inoculum size was determined for all the strains by enumeration of the CFU per milliliter on subcultures on Sabouraud dextrose agar. The adjusted suspensions (95% T at 530 nm) were mixed for 15 s and diluted 1:100 with distilled water. A bent glass rod was used to spread 0.01-ml volumes onto Sabouraud plates. The plates were incubated at 25ЊC and were observed daily for the presence of fungal colonies. Colonies were counted when the growth became visible. The working suspension was made by a 1:10 dilution in RPMI 1640 medium in sufficient volume to directly inoculate each MIC tube with 0.9 ml. Fungal inoculum (0.9 ml) was added to all tubes. This step brought the drug dilutions to the final test drug concentrations (0.07 to 36.94 g/ml for amphotericin B, 0.07 to 322.7 g/ml for 5-fluorocytosine, 1.25 to 160 g/ml for fluconazole, 0.1 to 51.2 g/ml for ketoconazole, 0.01 to 40 g/ml for miconazole, and 0.01 to 20 g/ml for itraconazole). Growth control tubes (0.9 ml of inoculum suspension and 0.1 ml of drug-free medium) were included for each isolate tested. In addition, 1 ml of uninoculated, drug-free medium was included as a sterility control. The QC organism was tested in the same manner and was included each time that a test was performed. All tubes were incubated without agitation at 25ЊC, and readings were taken when the turbidity of the growth control tube was evident (first-day reading). After 24 h (second-day reading) and 48 h (third-day reading) from the first-day reading, the tubes were also observed. Fluconazole, 5-fluorocytosine, ketoconazole, miconazole, and itraconazole MICs were defined as the lowest drug concentrations which showed a visual turbidity less than or equal to 80% inhibition compared with that produced by the growth control tube. Amphotericin B MIC was defined as the lowest drug concentration at which there was an absence of growth. The test was repeated when MIC values of the QC organism were more than 1 dilution higher or lower than the expected results.
Broth microdilution method. Broth microdilution testing was performed in sterile, flat-bottomed 96-well microplates (Greiner Labortechnik). The 10ϫ drug dilutions were diluted 1:5 with RPMI 1640 to obtain the double of the final concentrations. Aliquots of 100 l of the 2ϫ drug dilutions were inoculated into the wells with a multichannel pipette with the first well of each row containing the lowest concentration. Well 12 of each row served as the growth control. The microplates were stored at Ϫ20ЊC until used. The working suspension of the inoculum, adjusted with a spectrophotometer as described above, was diluted 1:5 with RPMI 1640 medium to obtain a 2ϫ final suspension. One hundred microliters of the diluted inoculum suspension was added to each well. This step brought the drug dilutions and inoculum sizes to the same concentrations used for the macrodilution test. Growth control wells (100 l of inoculum suspension and 100 l of drug-free medium) were included for each isolate tested. One well of the microdilution plates containing 100 l of uninoculated, drug-free medium was included as a sterility control. The QC organism was also tested in the same manner and was included each time a set of isolates was tested. The microplates were incubated without agitation at 25ЊC, and readings were made, with the aid of a reading mirror, when the turbidity of the growth control (drug-free) well was evident (first-day reading). Second-day and third-day readings were also observed as for the macrodilution method described above. Fluconazole, 5-fluorocytosine, ketoconazole, miconazole, and itraconazole MICs were defined as the lowest drug concentrations which resulted in a slightly hazy turbidity compared with that in the growth control well. The amphotericin B MIC was defined as the lowest drug concentration at which there was an absence of growth.
Analysis of the results. All the microdilution MICs from the first-, second-, and third-day readings, were compared with those obtained by the macrodilution method. On-scale MIC results were included and off-scale MIC results were excluded from the analysis. The low off-scale MICs (e.g., Յ0.07 g/ml) were left unchanged (0.07 g/ml). When skips (uneven patterns) were present, the MIC endpoint was the higher drug concentration. Differences among MIC endpoints of no more than one dilution (one tube or well) were used to calculate the percent agreement. The kappa test (10) was used to calculate the degree of agreement by SPSS (Statistical Package for Social Sciences, Inc., Chicago). Kappa coefficients greater than 0.75 were taken to represent excellent agreement, coefficients below 0.40 were taken to represent poor agreement and coefficients between 0.40 and 0.75 were taken to represent fair to good agreement.
RESULTS
All isolates of Fusarium spp. tested produced clearly detectable growth at 48 h, and all the strains of Chaetomium spp. and of Cladosporium [Cladophialophora] spp. did so as well at 72 h (with the exception of one strain of Cladophialophora devriesii which required one day more).
Inoculum sizes. The results of the inoculum sizes obtained at 95% T (530-nm wavelength) for each of the fungal groups are summarized in Table 1 . A wide variation was observed in each tested genus. In the Cladosporium [Cladophialophora] spp. group, the range was 1 ϫ 10 4 to 5 ϫ 10 5 CFU/ml, in Fusarium spp. it was Ͻ1 ϫ 10 3 to 5 ϫ 10 5 CFU/ml, and in Chaetomium spp., the range was from 1 ϫ 10 3 to 5 ϫ 10 5 CFU/ml. The widest variation was displayed by Fusarium spp. However, taken together, 83.8% of all the isolates presented values in the interval from 1 ϫ 10 4 to 5 ϫ 10 5 CFU/ml. MIC data. A total of 2,268 MIC results were obtained. The MIC ranges for both the macro-and the microdilution tests of the six drugs tested against the three fungal groups are summarized in Table 2 . Amphotericin B MICs showed a broad range in the three groups and especially in Chaetomium spp. Miconazole MICs showed a broad range in Cladosporium [Cladophialophora] spp. and in Fusarium spp. and a very narrow range in Chaetomium spp. Itraconazole MICs showed a broad range in Cladosporium [Cladophialophora] spp. and a narrow range in Chaetomium spp. Fluconazole MICs showed a similar, relatively broad range in the two groups tested. Ketoconazole MICs showed a broad range in Cladosporium [Cladophialophora] spp. and a narrower one in Chaetomium spp. All the isolates of Chaetomium spp. were highly resistant to 5-fluorocytosine, whereas those of Cladosporium [Cladophialophora] spp. showed a great variability. Itraconazole MIC ranges were similar in both methods and at the three readings, whereas those belonging to the other drugs varied more or less in each reading. MIC responses for when the control organism Comparison of results. The degree of agreement between the macro-and microdilution methods for the six drugs is shown in Table 3 . In general, a good or excellent agreement resulted with the majority of the drugs and in the three fungal groups, with the exception of miconazole in Cladosporium [Cladophialophora] spp. and Fusarium spp. Figure 1 shows the correlation between MIC values (macro-and microdilution) of fluconazole as a representative of all the drugs tested, which followed a similar pattern. The highest degrees of agreement were achieved in Chaetomium spp. with miconazole and ketoconazole at the second-and third-day readings and in Cladosporium [Cladophialophora] spp. with amphotericin B at the first-day reading, itraconazole at the first-and second-day readings, and ketoconazole at the second-day reading. In Fusarium spp. good agreement was also obtained for ampho-tericin B although in no case was 100% achieved. Table 4 summarizes the results obtained considering the three fungal groups together. A good agreement was observed for almost all the drugs in all the readings, and in no case was poor agreement revealed. The highest level (kappa index ϭ 1) was observed with ketoconazole at the second-day reading. At the first-day reading, the lowest level was observed with 5-fluorocytosine (kappa index ϭ 0.58025) and the highest with itraconazole (kappa index ϭ 0.84424).
DISCUSSION
The evaluation of a spectrophotometric method for the preparation of inoculum suspensions of several filamentous fungi was tested across a wide range of inocula, although 83.8% of all isolates tested showed values in the interval from 1 ϫ 10 4 to 5 ϫ 10 5 CFU/ml. The method of preparation and Յ0.035-Ͼ20/Յ0.035-Ͼ20 Յ0.035-Ͼ20/Յ0.035-Ͼ20 Յ0.035-Ͼ20/Յ0.035-Ͼ20 TABLE 3 . Comparison of broth micro-and macrodilution tests by the kappa index for isolates with 0 or Ϯ1 dilution differences between both tests a the size of inoculum are considered to be two of the most important factors in performing antifungal susceptibility testing of yeasts. Different methods of inoculum preparation have been published, and it seems that the spectrophotometric method is the most reproducible (13) . The size of conidia of fungi is important for the preparation of fungal inoculum and the use of different percent transmissions for each species tested has been suggested (6). The widest variation was observed with isolates of Fusarium spp., which could be due to the fact that the suspension performed in calculating the inocula size was usually a mixture of microconidia, macroconidia, and hyphal fragments. The differences in the size of both types of conidium are very accentuated in this genus. Macroconidia, for example, can reach up to 65 m in length and the smaller microconidia can measure only a few micrometers. Hence the percentage of one or the other type of conidium present in the suspension can have a huge influence on its density. Otherwise, the sizes of the conidia of the black yeasts and the ascospores of Chaetomium spp. are less variable. In this study the importance of inoculum size or inoculum preparation was not the main aim (because the same inoculum size and means of preparation were used with each fungus in both methods, the influence of these factors was avoided), but we tried to evaluate the spectrophotometric method as a means of preparing inocula of similar size with different fungi. In our case we selected 95% of T because in previous studies (data not published), performed under the same conditions and with the same fungi, we frequently obtained values of 10 4 CFU/ml, which give end concentrations in the microplates of the order of 10 3 CFU/ml. This is the inoculum concentration that was recommended by the NCCLS (M27-P) for yeast cells. In another study of quantitation of filamentous fungi to obtain standardized preparations of 1 ϫ 10 6 to 5 ϫ 10 6 CFU/ml, a T of 75% Ϯ 1% was used (7) .
In this study, we compared MICs of amphotericin B, 5-fluorocytosine, fluconazole, itraconazole, ketoconazole, and miconazole that were obtained by broth macro-and microdilution techniques against three different groups of opportunistic filamentous fungi: hyaline and dematiaceous hyphomycetes and ascomycetes. Fusarium isolates were tested against only miconazole and amphotericin B because in a previous study they were resistant to the other four drugs (unpublished data). In general, we followed certain aspects of the recommendations provided by the NCCLS for the macrodilution procedure, such as the medium, RPMI buffered to pH 7.0 with MOPS, and the additive drug dilution procedure. The recommended incubation of 48 h was also used in the case of Fusarium spp. but it was not possible with the other fungal groups, which needed a minimum of 72 h to achieve critical growth. The NCCLS also proposed longer periods, such as 72 h for Cryptococcus neoformans, although higher inocula can give good growth at 48 h (4). We selected the temperature of incubation of 25ЊC, contrary to that of 35ЊC recommended by the NCCLS, because these fungi in previous studies showed a better growth at that temperature and no significant effects of the temperature on MIC results were observed when the effects of incubation at 25, 30, and 35ЊC were compared (unpublished results). A spectrophotometric standardization of the inoculum was also done, as described above, in accordance with the NCCLS proposal. With these conditions we achieved a high agreement with both methods in each group of fungi and at each time of reading.
Recently, other studies comparing macro-and microdilution susceptibility testing methods in yeasts have been performed (1, 8, 9, 14, 16) which demonstrated a good agreement between both methods and revealed the utility of the microdilution method in susceptibility testing of pathogenic yeasts. The recent increase of emerging opportunistic filamentous fungi pathogenic to humans (3) also makes it necessary to have at one's disposal a reproducible standardized susceptibility test for these microorganisms which would lead to protocols for proper antimycotic treatment. A collaborative comparison of both methods for filamentous fungi has also been made (5, 6) . In these studies, hyphomycetes different from ours (Aspergillus spp., Sporothrix schenckii spp., and Pseudallescheria boydii spp.) and zygomycetes (Mucor spp. and Rhizopus spp.) were tested. Espinel-Ingroff et al. also followed certain aspects of the NCCLS recommendations, e.g., using an inoculum size of nearly 10 4 CFU/ml, and amphotericin B, fluconazole, itraconazole, miconazole, and ketoconazole were evaluated. The The readings were at 3, 4, and 5 days in the case of Chaetomium spp. and Cladosporium [Cladophialophora] spp. (with the exception of Cladophialophora devriesii FMR3595 for which they were at 5, 6, and 7 days) and 2, 3, and 4 days in the case of Fusarium spp.
MICs were determined at 24 h in the case of Aspergillus spp. and Rhizopus spp. and at 72 h in the other species. With the exception of itraconazole the agreement between both methods was good either intra-or interlaboratory.
The preliminary data presented here and those obtained in the studies of Espinel-Ingroff et al. (5, 6) provide promising results so as to continue the evaluation of microdilution techniques as an alternative method for the antifungal susceptibility testing of filamentous fungi.
